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O THE WIDESPREAD APPLICATION of coronary arteriography has resulted in more frequent detection of patients with anomalous coronary artery origin. Clinical interest in these rare anomalies has increased since sudden death has been reported to be a complication of aberrant left coronary origin from the right coronary artery or right sinus of Valsalva when the proximal course of this vessel is between the aorta and pulmonary artery.1`6 The predisposing factors which lead to sudden death in some patients with artery was related to clinical events. The anomaly was best demonstrated in the lateral view. In five cases, coronary blood flow during exercise and myocardial metabolism during pacing were assessed. Two had had a previous infarction with nonatherosclerotic arteries. Exercise coronary blood flow was normal in four and low in one patient. Pacing resulted in lactate production in two with atherosclerotic and one without atherosclerotic arteries. We conclude that anomalous left coronary origin from the right sinus of Valsalva can result in significant myocardial ischemia and infarction.
this anomaly are unknown. Coronary vascular hemodynamics have not been studied in a systematic manner because the diagnosis of this anomaly is rarely made antemortem. We have reviewed the clinical and angiographic features of 31 patients with anomalous coronary artery origin and have assessed the coronary vascular responsiveness to pacing-induced tachycardia -and exercise in a subgroup of five patients with aberrant left coronary origin from the right coronary artery or right sinus of Valsalva.
Material and Methods A review of 3,750 patients having coronary arteriography performed at the Montreal Heart Institute between January 1, 1972, and May 1, 1975 , revealed 31 adults with anomalous coronary artery origin. Selective coronary arteriograms were performed by -a percutaneous transfemoral ap- 
Calculations
Peak systolic blood pressure was averaged over 10 beats and thermodilution coronary blood flow determinations were calculated by previously described formulae", 11 utilizing a Hewlett-Packard 9830A calculator with digitizer. Cardiac output was calculated according to the Williams formula.12 Results The incidence of patients with anomalous coronary artery origin was 31/3750 (0.83%) in our angiographic population. These 31 patients were subdivided into three groups. The left main or left anterior descending coronary artery passed posterior to the aortic root in two patients, between the aorta and pulmonary artery in four patients, and anterior to the pulmonary artery in one patient. The distal distribution of the coronary arteries was normal in all cases.
Retro-aortic Course of the Left Main Coronary Artery (two patients). The left main coronary arose from the proximal part of the right coronary artery in both patients. Its proximal course was best seen in the lateral view ( fig. 2 ).
Lejt Main or Left Anterior Descending Coronary Artery
Between the Aorta and Pulmonary Artery (four patients). There were three patients in whom the left main coronary artery coursed between the great vessels. Patient KW typified the angiographic features of this group ( fig. 3) . In each patient the first septal branch came off the left main trunk before its division into the left anterior descending and circumflex arteries. The fourth patient had a left anterior descending coronary artery which coursed between the great vessels and an aberrant circumflex artery which followed a retroaortic course (fig. 4 ).
Left Anterior Descending Coronary Artery Anterior to the Pulmonary Artery (one patient). The angiographic features of this anomaly are illustrated in figure 5 .
CLINICAL AND HEMODYNAMIC FEATURES
Of seven patients with anomalous left coronary origin (table 1) three had significant arterial stenoses and were evaluated for typical angina pectoris. Four patients had nonatherosclerotic arteries; two were evaluated for a myocardial infarction which occurred at a young age, one for paroxysmal atrial tachycardia and nonspecific chest pains, and one patient during preoperative evaluation for valvular heart surgery. Two of the seven patients were not restudied because 1) KW ( fig. 3 ) had received bypass grafts to the right coronary artery (130 ml/min intraoperative flow; 2 mm diameter) and the left circumflex artery (70 ml/min intraoperative flow; 1.5 mm diameter); and 2) LB had severe mitral stenosis and systemic pulmonary hypertension.
Of the five patients restudied, both with coronary atherosclerosis (JL, ML) experienced angina and produced s FIGURE 2 Patient RB; lateral view. The RCA arises normally from the right coronary sinus (RCS). The LMCA is a branch of the proximal RCA and passes posterior to the aortic root in a large concave arc prior to its bifurcation into the LA D and circumflex (Cx) arteries. fig. 8 ). Treadmill exercise tests were negative for ischemia in each of the patients without atherosclerosis (JB, RB, EB) but positive for ischemia in both patients with significant arterial stenoses (JL, ML). There were no arrhythmias recorded during exercise and no complications (table 2) . coursed retroaortic in all cases. In four cases circumflex arteries had significant atherosclerosis. The distal distribution of the aberrant circumflex perfused a small segment of the heart in seven patients ( fig. 10) , a large segment in seven patients (fig. 11) ; and segments intermediate between the two extremes in three patients.
CLINICAL FEATURES
Nine patients had nonatherosclerotic coronary arteries; five were studied during catheterization for valvular heart disease, one for atypical angina pectoris, two for nonspecific chest pains, and one patient for a cardiomyopathy. The remaining eight patients had significant atherosclerosis and typical angina pectoris. Ten of the 17 patients had associated cardiac abnormalities. Three patients had mixed mitral and aortic valve disease, three had aortic valve disease, two had mitral valve disease, one had idiopathic hypertrophic sub- .,,,,,,,,,,,,,,,,,, fig. 12 ). In the seventh patient the right coronary took origin from a terminal branch of a large circumflex artery ( fig. 13 ). The aberrant right coronary artery was free of atherosclerosis in five patients. The total incidence of patients with anomalous aortic coronary artery origin was 0.83% of our angiographic population. The most frequent anomaly was aberrant circumflex origin from the right coronary artery or right sinus of Valsalva, which occurred in 0.45% of cases. Angiographic features characteristic of this anomaly include 1) detection of an avascular area in the segment of heart normally perfused by the circumflex artery after selective injection of the left coronary and 2) direct visualization of the circumflex after injection into the right coronary or selective injection into the ostium of the left circumflex artery in the right sinus tricular myocardium perfused by an aberrant circumflex can vary. In 41% of our patients and in 40% of the patients described by Page et We did not find an increased incidence of atherosclerotic plaques resulting from the aberrant origin and course of the circumflex or right coronary arteries, a finding similar to those of others.", " In addition, the presence of these anomalies in the absence of atherosclerosis did not result in arrhythmias, typical angina pectoris, or myocardial infarction.
Anomalous left coronary origin from the right sinus of Valsalva or right coronary artery was rare, forming 0.19% of our angiographic population. It is important to distinguish the course of the aberrant left coronary artery relative to the great vessels in this group of patients since sudden death has been reported in adolescents and young adults in whom this artery coursed between the aorta and pulmonary artery.'3 58 6 We found the lateral position was best followed by the right anterior oblique position for delineating the proximal course of the aberrant opacified left coronary. Those patients with this anomaly who are predisposed to sudden death usually are uncovered in adolescence. Only two of the 16 patients with this anomaly reported in the literature who died suddenly were older than 22 years of age. One of the two patients, a 56-year-old man described by Benson,4 also had several 90% stenoses in a dominant right coronary artery. Although the author concluded that death was secondary to the aberrant left coronary passing between the aorta and pulmonary artery it is equally possible that death was the result of a lethal arrhythmia caused by ischemia in the territory of the stenotic right coronary artery. We have presented two patients (ML, KW) with this anomaly and atherosclerotic disease who are 60 and 70 years of age. Other investigators have also reported patients with this anomaly in the later decades of life.1 17 Several hypotheses have been postulated to explain the mechanisms leading to sudden death. These include 1) compression of the aberrant artery between the aorta and pulmonary artery," 2) spasm, torsion, or kinking of the aberrant left coronary on itself,'8 3) an anatomical derangement at the takeoff of the anomalous vessel,' ", 5 and 4) a congenitally small left coronary artery system.3 ' It is unlikely that the pulmonary artery with normal pressures could occlude or constrict the aberrant left coronary artery distended with systemic pressure. We have presented a 49-year-old woman with this anomaly (LB) who had systemic pulmonary hypertension. Although her aberrant left coronary coursed between the great vessels she did not have angina or evidence of myocardial ischemia. An intraluminal narrowing of the aberrant left coronary artery at its takeoff has been described in several of the adolescents who have died suddenly.3' ' We did not observe this feature in the four adults we presented with this anomaly. Two of these four patients (JL, ML) with class III angina'9 and severe atherosclerosis were able to augment coronary blood flow significantly with exercise-induced angina pectoris. The normal increase in coronary blood flow despite angina can be explained by heterogeneity of blood flow distribution with underperfusion in ischemic areas and augmented flow in nonischemic areas dilated by reactive hyperemia. Both patients had distal coronary anatomy unsuitable for bypass grafts. We would conclude that the isolated angiographic demonstration of this anomaly in an adult with mild cardiac symptoms is not an indication for prophylactic aortocoronary bypass surgery.
Sudden death has not been reported in patients in whom the left coronary artery arises from the right coronary artery or right sinus of Valsalva and courses posterior to the aorta or anterior to the pulmonary artery. We have described a 25-year-old woman (JB) with nonatherosclerotic arteries who had an anteroseptal myocardial infarction complicated by complete heart block and in whom the aberrant left coronary passed anterior to the pulmonary artery. Lactate metabolism during pacing and exercise coronary blood flow were normal. Pachinger and coworkers'0 have described a 43-year-old man with this type of anomaly who had severe angina pectoris in spite of nonatherosclerotic arteries and who had lactate production and a deterioration in left ventricular performance during pacing-induced angina. We have described a 43-year-old man (EB) with nonatherosclerotic arteries who had a myocardial infarction complicated by pulmonary edema in whom the aberrant left coronary coursed posterior to the aorta. Myocardial lactate production occurred during coronary sinus pacing and coronary blood flow diminished during exercise accompanied by a widening of the A-VO, difference. The reason why there was a decrease in total coronary flow during exercise and production of lactate during pacing in this patient and not in a second patient (RB) with the same anomaly and nonischemic equivalents is not clear.
We would conclude that certain patients with aberrant left coronary origin from the right coronary artery or right sinus of Valsalva can develop severe myocardial ischemia, infarction, and sudden death. It is difficult to know which patients with this anomaly diagnosed at angiography will have future acute ischemic episode(s). Clinical history, close angiographic study of the origin of the aberrant vessel accompanied by assessment of 1) myocardial lactate metabolism during pacing, 2) coronary sinus blood flow during exercise, and 3) response to maximal exercise testing may be useful in detecting those patients predisposed to future ischemic events.
